Abstract. This paper describes a comparative study of performance between the estimated image Jacobian that come from taking into account the geometry epipolar of a system of two cameras, and the well known analytic image Jacobian that is utilized for most applications in visual servoing. Image Based Visual Servoing architecture is used for controlling a 3 d.o.f. articular system using two cameras in eye to hand configuration. Tests in static and dynamic cases were carried out, and showed that the performance of estimated Jacobian by using the properties of the epipolar geometry is such as good and robust against noise as the analytic Jacobian. This fact is considered as an advantage because the estimated Jacobian does not need laborious previous work prior the control task in contrast to the analytic Jacobian does.
Introduction
Visual servoing consists in the use of visual information given by visual sensors (i.e. cameras) to control a robotic system. This kind of control turns out to be very useful in many applications because it allows us to know which objects are present in the scene with high accuracy, as well as their position, orientation and velocity. It makes possible to use robots in new domains where the workspace is not known a priori.
Among the existing classifications of visual servoing [4] [10] [11], one of the most known is the way that visual information is used to define the signal error to control the system [2]: Position Based Visual Servoing (PBVS) and the Image Based Visual Servoing (IBVS). In PBVS features are extracted from the image and used to reconstruct the 3D position of the target, whereas in IBVS the task is defined in the image plane directly through image features. In the latter a matrix is defined called the Image Jacobian, which linearly relates changes in image features and changes in Cartesian coordinates or changes in joints (in this case, it is called full-visual-motor Jacobian
Analytic Image Jacobian is widely used by the most researchers in Visual Servoing, it is well known that it require a thorough knowledge of the involved systems: calibration of the joint system, kinematic calibration of the vision system, and 3D reconstruction of features positions; they all are common sources of possible errors. In past papers [12] [15] we have presented a method to estimated image Jacobian by integrating epipolar geometry of the system [3] , and compared with other existing algorithms from the literature with tests that consider static [12] and dynamic [15] cases.
In this paper, we have compared performance of the method that considers the epipolar geometry and the analytic Jacobian. Two kinds of tests have been also carried out, in the former a high number of positions into the workspace were reached, whereas in the latter, a high number of curve trajectories were tracked. Tests showed that robustness against noise obtained by the estimated Jacobian method that considers the epipolar geometry is also obtained by the analytic method. This fact is considered as an advantage, because the estimated method reaches good performance without the need of a laborious previous work to the task. In order to diversify the study, tests were extended to the recursive last square method which gave good results in past works [12] [15] . This paper is organized as follows: after the present introduction, section 2 details the terminology and theoretical concepts used in the paper. Sections 3 and 4 put forward the estimated and analytic Jacobian respectively. Section 5 describes the control law, whereas section 6 describes the applied workspace, tests, and results. Finally section 7 reflects our conclusion.
Image Jacobian
Assume that a robot or positioning system is observed from one or various fixed views. Let 
